Allelic variation at the Wx locus plays a vital role in regulating apparent amylose content (AAC) as well as other important starch properties in rice grain. However, the extent of Wx allelic variation affecting amylopectin fine structure and enzymatic hydrolysis properties of rice starch remains unknown. In this paper, a series of rice single-segment substitution lines with five different Wx alleles (wx, Wx t , Wx g1 , Wx g2 and Wx g3 ) were used for comparative studies. The results showed that the five Wx alleles exhibited a wide variation in amylopectin molecular structure, hydrolysis and in vitro digestion properties of rice starch. Amylopectin chain length distribution as evaluated by fluorophore-assisted capillary electrophoresis was significantly different for the five Wx alleles, which might result in different functional properties. The hydrolysis degree of the five Wx genotype starches by αamylase or amyloglucocidase was in the order wx > Wx t > Wx g1 > Wx g3 > Wx g2 . The rapidly digestible starch (RDS) content of the tested rice starches followed the order wx = Wx g3 > Wx t = Wx g1 > Wx g2 . The extent decrease of slowly digestible starch (SDS) content was wx = Wx t > Wx g1 > Wx g2 > Wx g3 , while the trend in resistant starch (RS) content was Wx g2 > Wx g3 > Wx g1 > Wx t > wx. Correlation analysis indicated that AAC was significantly positively correlated with RS but significantly negatively correlated with SDS and hydrolysis. The RDS showed a significant positive correlation with amylopectin short chains (DP 6-12) but no significant correlations with other structural properties. The present results could provide important information for the application of rice starches with different Wx genotypes.
be mainly divided into five common functional alleles, i.e., wx, Wx t , Wx g1 , Wx g2 and Wx g3 , which correspond to glutinous, low, intermediate, high I (24.36-25.20%), and high II (25.81-26.19% ) AACs, respectively. [9] Using single-segment substitution lines (SSSLs) harboring five different Wx alleles as materials, effects of the five different Wx alleles (and their AAC phenotypes) on crystalline structure and some functional properties of starch, including gel consistency, alkali spreading value, pasting viscosity traits, thermal and swelling properties, have been successfully obtained against a same rice genetic background of the recipient HJX74. [6, 7] Moreover, we postulated that amylopectin molecular structure, apart from amylose content, also plays a significant role in determining the diversities in rice starch properties that result from the Wx allelic variation. [6, 7] At present, however, there is a lack of information on the differences in amylopectin fine structure between the five functional Wx alleles..
Typically, application of starch requires the disruption of starch granules. Enzymatic hydrolysis of starch is involved in many biological and industrial processes, such as digestion, fermentation, or industrial production of glucose syrup and bioethanol. [10] The enzymatic hydrolysis properties of starch are generally determined using α-amylase and amyloglucosidase in many studies. [11] [12] [13] [14] These enzymes have the advantages of exoactivity of glucoamylase, which erodes the outer surface of starch granule and creates sharp and deep pinholes, as well as the endoactivity of α-amylase that enables widening of the pinholes and consequently leads to the breakdown of granule. [11, 15] Starch digestion is a highly important metabolic process that occurs mostly in the small intestine, where the starch is hydrolyzed to produce glucose in the presence of amylase and maltase. The rate and extent of starch digestibility are nutritionally important, and are usually measured by in vitro methods using pancreatic α-amylase containing amyloglucosidase to simulate the digestion in the small intestine. [16, 17] On the basis of digestion rate, starch has been classified into three fractions: rapidly digestible starch (RDS), slowly digestible starch (SDS), and resistant starch (RS). [16] To date, the relationship between different Wx alleles and enzymatic hydrolysis properties of rice starch has not been well established. A few previous studies have reported that higher amylose content is associated with reduced susceptibility to enzymatic hydrolysis of rice starch. [3] [4] [5] 18, 19] However, to what extent the five Wx alleles (or their AAC phenotypes) affect hydrolysis and in vitro digestion properties of rice starch remains unclear, which restricts the utilization of different Wx genotype starches in practice.
This research continues the studies of Teng et al. [6, 7] to discover the genetic effects of different Wx alleles on amylopectin fine structure and enzymatic hydrolysis properties of rice starch in a common rice genome background. We aimed to compare the chain length distribution of amylopectin, as well as the hydrolysis and in vitro digestion properties of starches from rice SSSLs with the five different Wx alleles, and we analyzed the relationship between starch structural features and enzymatic hydrolysis properties of rice starch. The results can be used to understand the structural mechanisms of how the Wx allelic variation affects starch functional properties.
Materials and methods

Plant materials
Four rice SSSLs carrying four different Wx alleles (wx, Wx t , Wx g1 and Wx g3 ) and the recipient HJX74 with the Wx g2 allele used by Teng et al. [6, 7] were investigated in this study ( Table 1 ). All the rice accessions were grown on the experimental farm of Anhui Academy of Agricultural Sciences, Hefei, P. R. China, in the normal planting season (from May to September) in 2011. Grain samples from the five tested rice used for the study of amylopectin molecular structure and enzymatic hydrolysis properties were the same samples previously harvested by Teng et al., [7] who reported the crystalline, thermal and swelling properties of these starch samples.
Isolation of native rice starches
Native starches were isolated from mature grains following the method described by Wei et al. [20] Briefly, the brown rice was steeped in deionized water for 2 days and homogenized in a mortar with a pestle. The homogenate was squeezed through five layers of cotton cloth and then filtered with 100-, 200-, and 400-mesh sieves, successively. The starch was washed with deionized water and centrifuged at 3000 g for 10 min. After removing the dirty layer on the top of starch precipitate, the starch was further washed with deionized water and dehydrated with anhydrous ethanol. Finally, the starch was dried under atmosphere, ground into powder, and passed through a 100-mesh sieve.
Preparation of linear glucans for structure characterization
The starch was deproteinized with protease and sodium bisulfite and then debranched with isoamylase following the methods of Syahariza et al. [21] and Lin et al. [22] with some modifications. Briefly, 4 mg of dry starch was transferred to a 2 mL microcentrifuge tube and incubated with 0.5 mL of protease in tricine buffer (2.5 U/mL) using a ThermoMixer (350 rpm) at 37°C for 30 min. The sample was centrifuged at 4000 g for 10 min, and then the precipitation was mixed with 0.5 mL of sodium bisulfite solution (0.45%, w/v) using a ThermoMixer (350 rpm) at 37°C for 30 min. The sample was centrifuged again, and the precipitation was suspended in 1.5 mL LiBr/DMSO solution (0.5%, w/v) at 80°C for 24 h using a ThermoMixer with continuous shaking (350 rpm). The sample was centrifuged at 4000 g for 10 min, and the supernatant was mixed with 10 mL absolute ethanol to precipitate the starch. The precipitation was dispersed in 0.9 mL warm deionized water and then incubated in boiling water for 10 min. The sample was cooled to room temperature, and then 0.1 mL of 0.1 M acetate buffer (pH 3.5), 5 μL of sodium azide solution (4%, w/v), and 2.5 μL of isoamylase (Megazyme) was added. The whole mixture was incubated at 37°C for 3 h and then neutralized with 0.1 mL NaOH (0.1 M). The obtained linear glucans were freeze-dried using liquid nitrogen and then stored at −80°C until used for structure analysis.
Determination of chain length distribution in amylopectin
The chain length distribution of amylopectin was determined using Fluorophore-assisted capillary electrophoresis (FACE). The debranched starch (0.3 mg) was labeled with 1.5 μL of 8-aminopyrene −1,3,6, trisulfonic acid (APTS) labeling dye (0.2 M APTS, 1.0 M sodium cyanoborohydride in 15% acetic acid) in a 2 mL microcentrifuge tube. The mixture was incubated in a water bath at 60°C for 90 min, diluted by adding 80 μL of water, and then centrifuged at 4000 g for 2 min. The supernatant (50 μL) was analyzed using a FACE (Beckman Coulter PA800, Fullerton, CA, USA) system according to the method as described by Wang et al. [23] The experiments were performed in duplicate. The information for SSSLs was cited from Teng et al. [9] b
The solid lines represent substituted segments, and both sides of dotted lines represent a possible interval of recombination. c Length of substituted chromosome segments in SSSLs: cM, centi-Morgan. d These data were cited from Teng et al. [7] According to the degree of polymerization (DP), amylopectin branch chains are categorized into four chain types: A chains (DP 6-12), B1 chains (DP 13-24), B2 chains (DP [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] , and B3 + chains (DP ≥ 37). [24] To eliminate the influence of starch sample weight, all FACE weight distributions were normalized into the same area. The average branch chain length of amylopectin was obtained by calculating the ratio of total glucose (DP 6-100 × their areas) to total areas of DP 6-100. The ratio of (A+ B1)/(B2+ B3 + ) was used to represent the short to long chains distribution of amylopcetin.
Hydrolysis degree determination
Starch was hydrolyzed by porcine pancreatic-amylase (PPA, Sigma A3176) or Aspergillus niger amyloglucosidase (AAG, Megazyme E-AMGDF) alone using the methods of Cai et al. [5] with some modifications. For PPA hydrolysis, 50 mg of starch was suspended in 10 mL of enzyme solution (0.1 M phosphate sodium buffer, pH 6.9, 25 mM NaCl, 5 mM CaCl 2 , 0.02% NaN 3 , and 50 U PPA). For AAG hydrolysis, 50 mg of starch was suspended in 10 mL of enzyme solution (0.05 M acetate buffer, pH 4.5, and 5 U AAG). The enzymatic hydrolysis was conducted in a ThermoMixer with continuous shaking (800 rpm) at 37°C for PPA or at 55°C for AAG hydrolysis. After hydrolysis, the enzymatic reaction was stopped by placing the mixture in an ice bath, and the starch slurry was quickly centrifuged (5000 g) at 4°C for 5 min. The supernatant was used for measuring the soluble carbohydrates to quantify the degree of hydrolysis with the anthrone-H 2 SO 4 method. The experiments were repeated in triplicate.
In vitro digestion analysis of starch
In vitro digestion of starch was measured by a method modified from Carciofi et al. [12] following the procedure of Englyst et al. [16] A total of 20 mg of native starch was incubated in 4 mL of enzyme solution (20 mM sodium phosphate buffer, pH 6.0, 6.7 mM NaCl, 0.01% NaN 3 , 2.5 mM CaCl 2 , 4 U PPA, 4 U AAG) at 37°C with continuous shaking (800 rpm) for 20 min and 1, 2, 6, 12, and 24 h. Enzyme treatment was terminated by adding 480 μL 0.1 M HCl and 2 mL of 50% ethanol on ice and centrifuging (14,000 g, 5 min). The supernatant was collected, and the amounts of glucose were determined by the D-glucose (GOPOD Format) Assay Kit (Megazyme K-GLUC). Starch nutritional fractions are defined based on the rate of hydrolysis. The amount of rapidly digestible starch (RDS) was obtained by measuring the glucose released after 20 min of incubation. The slowly digestible starch (SDS) fraction was the starch hydrolyzed between 20 and 120 min. The starch that remained unhydrolyzed after 120 min was measured as resistant starch (RS). The experiments were carried out in triplicate.
Data analysis
All statistical analyses were performed using SAS software version 7 (SAS Institute, Inc., Cary, NC). Means were tested by least significant difference at the P = 0.05 level (Duncan 0.05 ). Correlation analysis was conducted to characterize the relationships between structural and functional characteristics of starch. The data of AAC and crystalline structure properties of the five starch samples used for correlation calculations was cited from Teng et al. [7] Results and discussion
Molecular structure of amylopectin
Genotypic differences in amylopectin fine structure between different Wx alleles were analyzed using FACE. As expected, perceptible differences could be observed among the normalized chromatograms of the five Wx alleles (Figure 1a ). The chain number distribution of debranched amylopectin from FACE is shown in Figure 1b . All starch samples displayed typical number distribution of debranched chains, which was concordant with that of normal rice starches. [23, 25] Comparison of structural characteristics of amylopectin clearly discriminated the five Wx alleles from each other ( Table 2 ). Among the tested rice starches, the glutinous (wx) and Wx g3 genotype starches displayed obviously higher proportions of short A chains (DP 6-12) than those of other Wx genotypes, and the lowest amount of short A chains was found in the Wx g2 genotype starch. The proportion of amylopectin short B1 chains (DP 13-24) followed the order wx = Wx t > Wx g1 = Wx g2 > Wx g3 . For long B2 chains (DP 25-36), no significant differences were observed between different Wx alleles. The relative effects of the five Wx alleles on the amount of very long B3 + chains (DP ≥ 37) were in the order Wx g1 = Wx g2 = Wx g3 > Wx t > wx. The average chain length of amylopectin of the tested starches ranged between 22.07 and 23.39, and the wx and Wx t alleles exhibited significantly shorter values than the Wx g1 , Wx g2 and Wx g3 alleles. Contrary to this finding, the ratio of (A+ B1)/(B2+ B3 + ) of starches was found to be in the order wx = Wx t > Wx g1 = Wx g2 = Wx g3 . In this study, the associations between AAC, amylopectin molecular structure, and crystalline structure properties were also examined ( Table 3 ). The results showed that the proportion of amylopectin short A chains (DP 6-12) had no significant correlations with AAC and crystalline structure characteristics. The proportion of short amylopectin chains (DP 13-24) was significantly positively correlated with relative crystallinity and significantly negatively correlated with AAC. In contrast, the proportions of long chains DP 25-36 and DP ≥ 37 were significantly positively correlated with AAC and negatively correlated with relative crystallinity and the ratio of 1047/ 1022 cm −1 . The amylopectin average chain length exhibited a significant positive correlation with AAC but a negative correlation with relative crystallinity. In addition, it was observed that amylopectin chain ratio of (A+ B1)/(B2+ B3 + ) was significantly positively correlated with relative crystallinity and the ratio of 1047/1022 cm −1 , but significantly negatively correlated with AAC.
Hydrolysis properties of starch
In this study, the enzymatic hydrolysis of starch was performed using two types of amylases, PPA and AAG. Generally, PPA hydrolyzes interior α-1,4-glucosidic bonds, whereas amyloglucosidase hydrolyzes α-1,4 and α-1,6glucosidic bonds and releases glucose. [11] The hydrolysis patterns of native starches with different Wx genotypes measured by PPA or AAG alone are presented in Figure  2 . The hydrolysis degree increased with increasing hydrolysis time. The time course of hydrolysis These data were cited from Teng et al. [7] was characteristic of biphasic, with a relatively rapid rate at the initial stage (0 to 12 h), and then followed by a progressively decreased rate until the end of 72 h. Similarly, this biphasic trend of amylase hydrolysis has also been observed in other starch samples. [11, 13, 14, 26, 27] As shown in Figure 2 , the resistance to hydrolysis was very different between the five Wx genotype starches. The wx and Wx t alleles had high values of hydrolysis, whereas the Wx g1 , Wx g2 and Wx g3 alleles had relatively low hydrolysis degrees. On the whole, the influence of different Wx alleles on hydrolysis degrees of PPA and AAG both followed the order wx > Wx t > Wx g1 > Wx g3 > Wx g2 (Figure 2 ). Though the hydrolysis degree of starches by PPA was similar to that by AAG, the former was relatively higher than the latter (Supplementary Table 1 ). Susceptibility of native starch to amylase is influenced by many factors, including amylose content, amylopectin molecular structure, crystalline structure, granule size and integrity, and structural in-homogeneities. [3, 5, 14, 18, 19, [26] [27] [28] [29] It has generally been considered that the rate of starch hydrolysis by amylase is inversely related to amylose content. [5, 11, 14, 18, 19, 30] Consistently, in this study, starches with larger amounts of amylose tended to have higher resistance to enzymatic hydrolysis, with the exception of Wx g3 genotype starch (Table 1 and Figure 2 ). When compared with the Wx g2 allele, the Wx g3 genotype starch was found to have significantly higher AAC but lower hydrolysis by amylase (Table  1 and Figure 2 ). In native starch granules, amylopectin long chains can make long helices, strengthen hydrogen bonds between chains, producing a superior crystalline structure. On the other hand, amylopectin short chains form short or weak double helices and produce inferior crystalline structures, which are more susceptible to hydrolysis than the perfect crystalline structure. [31, 32] In the present study, the Wx g3 genotype starch exhibited significantly higher proportion of short A chains (DP 6-12) than that of the Wx g2 genotype starch ( Table 2) , which might lead to its relatively higher values of hydrolysis by PPA or AAG. Finally, it is worth noting that the rate of enzyme hydrolysis of starch influenced by the Wx allelic variation is not only dependent on the level of amylose, but also dependent on the structural properties of amylopectin.
In vitro digestion properties of starch
In vitro digestion by PPA and AAG was carried out to simulate the effects of small intestine hydrolysis and the subsequent glycemic response of starch. The rate of digestibility of native starches from the tested rice SSSLs at various digestion times (0 to 24 h) is presented in Figure 3 . Similar to the time courses for PPA and AAG hydrolysis, two phases were distinguished in the in vitro digestion of starch. The initial rapid digestion phase was from 0 to 6 h, which was then followed by a relatively slower phase. In general, the differences in digestion degree between the five Wx alleles followed the order wx > Wx t > Wx g1 > Wx g3 > Wx g2 , which was in agreement with that of hydrolysis degree in this study (Figures 2 and 3) . The amounts of RDS, SDS and RS in the native starches are presented in Table 4 . The RDS, SDS and RS showed significant differences among the five Wx alleles and ranged from 17.33 to 22.23%, 15.26 to 27.06%, and 50.81 to 64.83%, respectively. These results indicate that the Wx allelic variation plays an important role in regulating starch digestion. The digestive rate of starch is affected by various factors, including amylose content, molecular structure of amylopectin, and degree of crystallinity. [3] [4] [5] [33] [34] [35] Previous studies have shown that the content of RDS is negatively correlated with amylose content. [3, 5] However, in the current study, RDS content of the tested starches was found to be in the order of wx = Wx 3 > Wx t = Wx g1 > Wx g2 , which was not inversely related to their amylose levels (Tables 1 and 4 ). For example, the wx and Wx g3 alleles showed no differences in RDS content (Table 4 ) but had the largest differences in their AAC phenotypes (Table 1) . This difference could be ascribed to the different genetic materials tested, since the rice materials investigated by previous studies [3, 5] might not possess the Wx g3 allele. On the other hand, it was suggested that RDS content was positively correlated with the number of amylopectin short branch chains (DP 6-12). [3, 36] In the present study, it was observed that the proportion of DP 6-12 in amylopectin showed the same variation trend with the amount of RDS (Tables 2 and 4 ), further demonstrating that the DP 6-12 in amylopectin plays an important role in determining RDS content. Thus, from the above results, it could be inferred that the Wx allelic variation may affect RDS content mainly through the influence of amylopectin short chains with DP 6-12 but not AAC. Presumably, of this study, the reason that the glutinous and Wx g3 genotype starches had the largest amounts of RDS could be attributed to their relatively higher proportions of amylopectin short chains (DP 6-12) compared to other Wx genotype starches. The Wx g2 genotype starch having the lowest percentage of RDS might be explained by it having the lowest proportion of DP 6-12 in amylopectin ( Table 2) .
Slowly digestible starch is related to the digestion fraction, which is completely but slowly digested in the small intestines. [16] As seen in Table 4 , the wx and Wx t genotype starches displayed obviously higher levels of SDS (26.33-27.06%) than those of other Wx genotypes (15.26-19.89%). The effects of different Wx alleles on SDS content followed the order wx = Wx t > Wx g1 > Wx g2 > Wx g3 , showing an opposite trend to their corresponding amylose levels (Tables 1 and 4) . Similarly, Cai et al. [5] reported that the SDS content decreased with increasing AAC in various rice starches. It was claimed that SDS could be influenced by crystalline structures, as dictated by its relative crystallinity and ratio of 1047/1022 cm −1 , [3, 5, 33, 37, 38] since the large fraction of crystalline structures could be hydrolyzed during the intermediate and late stages of digestion, resulting in increased SDS content. [38] Amylopectin has generally been considered responsible for starch crystallinity, while amylose disrupts the crystalline packing of amylopectin. [39] Therefore, it is not difficult to understand that the amount of SDS decreased with increasing AAC. In this study, the wx and Wx t genotype starches consisted of lower AACs and higher values of relative crystallinity and ratio of 1047/1022 cm −1 as determined in our previous study, [7] which might result in their higher SDS contents. On the other hand, amylopectin chain length distribution could also influence SDS content. The present results showed that higher proportion of short B1 chains (DP 13-24) and lower proportion of long B3 + chains (DP≥37) could contribute to a higher percentage of SDS (Tables 2 and 4 ). Resistant starch is defined as the fraction of starch not digested in the small intestine. [16] In the present study, significant differences in RS content were observed between the five Wx alleles, and the order for RS content was Wx g2 > Wx g3 > Wx g1 > Wx t > wx, which was similar to the order of their AAC phenotypes (Tables 1 and 4 ). This result was in keeping with previous reports that the content of RS increased with increasing amylose content. [3] [4] [5] However, it should be noted that the variation in RS content among different Wx alleles could not be solely explained by the influence of AAC. For example, the Wx g2 allele showed higher RS content but lower AAC than the Wx g3 allele (Tables 1 and 4) , indicating that other factors such as amylopectin molecular structure may also have an impact on RS content. As suggested by Jane et al., [36] short branch chains (DP 6-12) of amylopectin could induce weak points in the starch crystalline structure, resulting in a greater susceptibility to enzymatic hydrolysis. In this study, the Wx g2 allele significantly reduced the proportion of short chains (DP 6-12) in amylopectin compared with the Wx g3 allele ( Table 2) , which might retard the digestion of starch. As a result, the Wx g2 genotype starch displayed a higher RS content than the Wx g3 genotype starch (Table 4 ). These results suggested that the differences in AAC and amylopectin structure features that resulted from the Wx allelic variation codetermined the observed variations in the content of RS.
Enzyme hydrolysis properties in relation to structural characteristics of starch
To understand the structural foundation of how the Wx allelic variation influences the functional properties of rice starch, the relationships between structural characteristics and enzyme hydrolysis properties of the tested starches were determined using Pearson correlation analysis ( Table 5 ). According to the hydrolysis process, the hydrolysis degree at 12 h (end stage of the initial rapid phase) could maximally reflect the variance among all starch samples (Figure 2 ), so this was selected as the parameter for correlation analysis. As expected, the AAC was significantly negatively correlated with PPA hydrolysis (r = −0.954, P < 0.05) and AAG hydrolysis (r = −0.954, P < 0.05), which was in accordance with previous reports. [5, 11, 14, 18, 19, 30] On the other hand, the hydrolysis by PPA and AAG was significantly positively correlated with relative crystallinity and the ratio of (A+ B1)/(B2+ B3 + ) but significantly negatively correlated with amylopectin long chains (DP 25-36 and DP ≥ 37) and average chain length of amylopectin. [7] Prior to this study, a few researches have been undertaken to clarify the relationship between structural properties and starch nutritional fractions of rice starch. [3] [4] [5] 29, 37, 38] However, it is difficult to get a clear description of the correlations between the structural and digestibility properties, since the rice samples used in these studies have great diversity in their genetic background. The SSSLs having different Wx alleles provided an opportunity for us to effectively investigate the relationship between structural and functional characteristics of rice starch because the diversification in starch properties caused by the Wx allelic variation could be associated against a common genetic background. [6, 7] The present study indicated that the content of RDS had a significant positive correlation with the proportion of DP 6-12 (r = 0.981, P < 0.01) but did not have significant correlations with any other structural characteristics. Slowly digestible starch was significantly positively correlated with relative crystallinity (r = 0.955, P < 0.05), the proportion of DP 13-24 (r = 0.944, P < 0.05) and the ratio of (A+ B1)/(B2+ B3 + ) (r = 0.886, P < 0.05) but significantly negatively correlated with AAC (r = −0.959, P < 0.01), the proportion of long B3 + chains (DP ≥ 37) (r = −0.895, P < 0.05), and amylopectin average chain length (r = −0.945, P < 0.05). Contrary to SDS, the opposite trend was observed for RS, which exhibited significant positive correlations with AAC (r = 0.976, P < 0.01), long B3 + chains (r = 0.963, P < 0.01), long B2 chains (r = 0.944, P < 0.05) and amylopectin average chain length (r = 0.972, P < 0.01) but significant negative correlations with relative crystallinity (r = −0.952, P < 0.05) and the ratio of (A+ B1)/(B2+ B3 + ) (r = −0.965, P < 0.01). Overall, the above results may help us understand how the five functional Wx alleles affect enzymatic hydrolysis properties through the influence of AAC and structural characteristics of rice starch.
Conclusion
Genetic effects of different Wx alleles on the amylopectin molecular structure and enzymatic hydrolysis properties of rice starch against a common rice genetic background were obtained using a set of single-segment substitution lines harboring five different Wx alleles. The present results showed that the Wx allelic variation plays a substantial role in the regulation of amylopectin chain length distribution, hydrolysis and in vitro digestibility of rice starch. Further comparison and correlation analyses revealed that AAC and amylopectin molecular structure were the major factors affecting the enzymatic hydrolysis properties of rice starch, which might contribute to a better understanding of how the Wx allelic variation affects starch functional properties through influencing starch structure. The current study can provide valuable information to food and nonfood industries regarding the use of rice starches with different Wx genotypes. 
